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Abstract 
ZnMnO thin films with different concentration of Mn were deposited onto Si substrates by Laser Ablation technique. The 
structural and optical characteristics of the films were analyzed as function of the grown conditions (oxygen pressure, Mn 
concentration and substrate temperature). The crystalline structure of the samples was investigated using X-ray diffraction 
technique. The diffraction patterns revealed that the ZnMnO thin films were polycrystalline and had a wurtzite hexagonal 
structure of ZnO without any secondary phases. The film crystallites are preferentially oriented with (002) planes parallel to 
substrate surface. A lightly shift in peak positions towards lower 2ߠvalues has been observed, which may be due to the 
incorporation of Mn ions inside the ZnO crystal lattice. Some important structural parameters (lattice parameters of the 
hexagonal cell, crystallite size, etc.) of the films were determined. 
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1. Introduction  
In recent years, Mn-doped ZnO thin films have been one of the most popular materials for their wide applications 
in spintronics (Dietl et al.(2000); Lawes et al.(2005); Khodorov et al.(2010)) antireflection coatings, transparent 
electrodes in solar cells (Kayw et al.(2011)), optoelectronic devices (Shinde et al.(2008)), gas sensors (Ferro et 
al.(2008)), piezoelectric devices (Ko et al.(2003)), varistors (Han and Kim(1998)), surface acoustic wave devices 
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(Seo et al.(2002)), electro- and photoluminescent devices (Mitra et al.(2001)), and so on. The properties of the 
grown thin films depend on the deposition process and deposition parameters. 
In ZnMnO films, formation of defects or introduction of extrinsic doping can cause stress, which can modify the 
physical properties (He et al. (2006)). Many methods were employed in the preparation of Mn-doped ZnO, such as 
sol-gel method (Sharma et al.(2004)), implanting (Norton et al. (2003)), radio frequency magnetron sputtering (Kim 
et al. (2003)) and pulsed laser deposition (Sharma et al. (2004),Jung et al.(2002), Sharma et al. (2003)).  
In this work, ZnMnO thin films were grown by PLD technique. The structural properties of the grown samples 
were characterized by X-ray diffraction (XRD); we report some features of Mn-doped ZnO thin films produced by 
PLD, and discuss the effects of the oxygen pressure, substrate temperature and Mn concentration on structural 
properties of ZnMnO films. 
2. Experimental details 
Mn-doped ZnO thin films were grown by conventional pulsed laser deposition (PLD) using a stainless steel HV 
deposition chamber and a pulsed NIR laser (Nd:YAG, 1064 nm wavelength, 9 ns pulse duration). The laser was 
operated at 10 Hz and the laser beam was incident at an angle of 45 with respect to the target surface. The targets 
were prepared from high-purity powders of ZnO (99.999%), with MnO (99.999%) serving as the doping agent. The 
pressed targets were sintered at 1000 °C for 12 h in air. The targets were fabricated with a nominal composition of 1, 
5, 10, 15 and 20 wt.%Mn, and were continuously rotated during laser ablation to renew the irradiated surface and to 
prevent crater formation. The ablated material was collected onto a Si(100) substrate, over a temperature range of 
RT 600oC, placed in front of and at 6 cm from the target. Prior to an experiment, the chamber was evacuated to 
7×10-4Pa. During deposition, oxygen (99.999 %) was flown through the chamber and the background pressure was 
varied between 2.67 and 26.67 Pa. The laser fluence was kept at (3.0±0.4) J cm-2. Structural analysis of the films 
was carried out in a Bruker D8 advanced diffractometer by X-ray GLIIUDFWLRQ;5'XVLQJ&X.ĮOLQHRIc
and scan rate 0.04 2ߠ/s. The identification of crystalline phases was done using the JCPDS database cards (Smith 
and Jones (1992)). 
3. Results and discussions 
Three sets of ZnMnO samples were prepared by PLD. In the first set, ZnO thin films were deposited at different 
Mn-doping ranging from 1 wt.% to 20 wt.%. In the second set, the substrate temperature for the deposition of 
ZnMnO was varied from room temperature to 600 oC. The third set was deposited at different oxygen gas pressure 
in the range 2.67-26.67 Pa. The XRD patterns of different ZnMnO samples are shown in Figs. 1 to 3, with presence 
of a strong characteristic peak for reflections from (002) planes of ZnO films. One may also observe low intensity 
peaks arising from reflections from (100), (101), (102),(110) and (103) planes for some ZnMnO films. For all the 
samples, XRD patterns exclusively show the peaks corresponding to the wurtzite ZnO structure. No reflections due 
to any secondary phase are detected in the XRD patterns. 
3.1. Effect of Mn doping to the structural properties of ZnO thin films 
Fig. 1 shows the x-ray diffraction patterns for the ZnO thin films grown on silicon substrate. The films were 
deposited at different Mn concentrations at room temperature and 6.13 Pa of oxygen pressure. XRD pattern of the 
1wt.%Mn doped ZnO shows the presence of strong intensity peak arising from (002) reflection. It indicated that thin 
film shows a preferentially c-axis orientation normal to the substrate surface and high quality crystallinity (J. Q. Xu 
et al. (2007)). With the increase in Mn concentration, the intensity of the (002) peak decreases from 1 wt.% to 20 
wt.%. The peaks (100), (101), (102), (110), (103) appear with very low intensities for 5 wt.% and 10 wt.% of Mn 
doping. For 15 wt.% of Mn doping (102), (110), (103) peaks were found with a high intensities and 20 wt.% of Mn 
doping only (110), (103) peaks can be observed with very weak intensity. This indicates that excessive Mn doping 
deteriorates the crystallinity of the films, which may be due to the formation of stress and lattice disorder by higher 
radius of Mn2+ (0.66 cLRQVFRPSDUHG=Q2+ (0.60 c(P. Singh et al. (2009)). 
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Fig. 1. XRD patterns of ZnO thin films deposited by PLD at different Mn concentration ranging from 1wt.% to 20wt.%, at room temperature 
and 6.13 Pa. 
 
The average crystallite size is estimated from Debye-Scherrer equation and the values of lattice parameters a and 
c for Mn doped ZnO were estimated from the equation 
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where h, k and l are the Miller indices and dhkl is the interplanar spacing for the plane (h k l). The interplanar spacing 
can be calculated from Bragg’s equation and based on the biaxial strain model (Wang et al. (2007); Cebulla et al. 
(1998)), the film stress along the c- axis, for a hexagonal crystal structure can be calculated using the expression 
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where cbulk  cLVWKHc-axis lattice constant of bulk ZnO and cfilm is the c-axis the lattice constant calculated 
from the XRD data and the values of the elastic constant from single crystalline ZnO are used, c11=208.8 GPa, 
c33=213.8 GPa, c12=119.7 GPa and c13=104.2 GPa. Substituting these values (Cullity et al. (1978)) in the above 
equation gives 
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Table 1. The XRD (002) peak position, lattice constants, grain size and stress calculated from XRD patterns at 6.13 Pa and room temperature. 
Mn doping                   
(Wt%) 
(002) 
Pos.(o) 
a 
(c) 
c 
(c) 
Grain size 
(nm) 
Stress 
(109 Pa) 
1 34.38 3.192 5.213 24.457 -0.267 
5 34.43 3.188 5.206 24.656 0.029 
10 34.63 3.170 5.176 23.114 1.370 
15 - - - - - 
20 - - - - - 
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The negative sign indicates that the ZnMnO films are in a state of compressive stress. For all the other films, the 
value of the bi-axial stress is positive indicating that the films are under tensile stress. There are several reasons for 
the stress in the films. They are (1) lattice mismatch between the amorphous substrates and the film, (2) difference 
in thermal expansion coefficient between the substrate and film material, (3) deposition under non-equilibrium 
conditions and (4) doping and composition gradient across the film surface. During the deposition of a material on 
to a substrate surface, its periodicity is lost at the interfaces or at the film surface and can lead to surface stress. 
Table 1 shows the obtained values of the samples. Average crystalline size is found to be 24 nm approximately. 
The (002) peak shifts toward higher angle with the Mn concentration, while the value of lattice parameters 
decreased with increase in dopant concentration. The decrease in lattice parameter is caused due to zinc vacancies 
(M. Khalid et al. (2009)). Manganese can exist in Mn2+, Mn3+, and Mn4+. The ionic radius of Mn2+, Mn3+, and Mn4+ 
are 0.66 c, 0.58 c and 0.53 c respectively. The doping concentration increases the lattice parameters a and c 
decreases due to Zn2+ (0.60 c) is substituted by Mn3+ and Mn4+ (K. P. Bhatti et al. (2005)). We also note that this 
report have been supported by Dole et al. (B. N. Dole et al. (2011)). 
 
3.2. Influence of substrate temperature 
 
Fig. 2 shows XRD patterns of the 5 wt.%Mn doped ZnO films grown at 6.13 Pa and the substrate temperature 
ranging from room temperature to 600 °C. Similar to that films grown at different Mn concentration, the main 
diffraction peak is (002). The films grown at different substrate temperatures, show several peaks corresponding to 
(100), and (101) reflection of the hexagonal wurtzite ZnO (Fig. 2). The presence of these reflections clearly points to 
the polycrystalline nature of the ZnMnO structure. We can also see the strongest reflection peak from the (002) at 
diffraction angle 2ߠ around of 34.44o. The observation of the strong (002) peak indicates that the highly c-axis 
oriented film is grown. The relative intensity of the (002) diffraction peak compared to the neighboring peaks 
increases with increasing substrate temperature up to 400 °C. 
The average crystallite size, lattice parameters and stress of ZnMnO thin films from the peak position of (002) 
reflection were estimated. The calculated results are listed in Table 2. For the peak position of (002) reflection, it 
shows an increase from 34.43o to 34.60o when substrate temperature increase, while the value of lattice parameters 
decreases with the substrate temperature, the average crystallite size is around 24.2 nm and the tensile stress is for 
all films. It is the similar trend presented in the films with different Mn concentration. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. XRD patterns of ZnMnO thin film deposited by PLD with the substrate temperature varying from room temperature to 600 °C. The 
Mn-doping and oxygen pressure were kept constant, 5 wt.% and 6.13 Pa, respectively. 
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Fig. 3. XRD patterns of ZnMnO thin film deposited by PLD, the oxygen gas pressure was varied from 2.67 Pa to 26.67 Pa. The Mn-doping and 
substrate temperature were kept constant, 5 wt.% and  room temperature, respectively. 
 
Table 2. The XRD (002) peak position, lattice constants, grain size and stress calculated from XRD patterns at 6.13 Pa and Mn 5 wt.%. 
Temp 
(oC) 
(002) 
Pos.(o) 
a 
(c) 
c 
(c) 
Grain size 
(nm) 
Stress 
(109 Pa) 
RT 34.425 3.188 5.206 24.656 0.029 
100 34.491 3.182 5.196 23.106 0.461 
200 34.490 3.182 5.197 24.465 0.454 
300 34.540 3.178 5.189 25.997 0.781 
400 34.550 3.177 5.188 23.696 0.846 
600 34.596 3.173 5.181 23.112 1.150 
 
3.3. Effect of oxygen pressure on the ZnMnO thin films 
 
XRD diffractograms of as-deposited films grown at pressures from 2.67 Pa to 26.67 Pa are characterized by the 
presence of the (002) peak of the ZnO wurtzite structure, revealing a preferential (002) growth direction (XRD 
patterns for selected deposition pressures are shown in Fig. 3).  
As the pressure is increased, the intensity of the (002) reflection changes randomly, reaching a maximum at 
4.67 Pa. This behavior can be understood by two competing processes; the increase of oxygen pressure in the 
chamber improves the stoichiometry of the films and the crystal quality. On the other hand, the kinetic energy of the 
reactive particles in the plasma decreases due to high oxygen pressure, which limits surface diffusion of the growing 
atoms and thus degrades the film quality (Zhu et al. (2008)). For the whole range of oxygen pressure, the (002) peak 
is still dominating but other diffraction peaks appear, (100) reflection mainly, with the exception of the sample 
grown at 4.67 Pa, indicating that the film includes (002) oriented domains together with an assembly of randomly 
oriented nanosized crystal grains (Fig. 3). The shift of the (002) diffraction peak from the reference value of ZnO 
can be a symptom of residual stress and presence of oxygen vacancies distorting the original ZnO crystalline 
structure; Bragg's law can be used to estimate the vertical lattice parameter c. The shifted values of c may be 
explained with the presence of Mn2+ ions in interstitial positions. Since the radius (0.66 c) of Mn2+is bigger than 
that (0.60 c) of Zn2+, the increase in the lattice parameters is may due to the lattice deformations and strain in the 
films resulting from Mn doping and lattice mismatch between the film and the substrate, the entrance of Mn2+ in 
substitutional position would lead to a smaller lattice parameter (Kittel (1976); Ueda et al. (2001); Iwari et al. 
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(2002); Lawes et al. (2005)). Grain size was estimated through Scherrer formula applied to the (002) peak, and a 
maximum size of 36 nm was found at the pressure of 9.33 Pa. The film stress along the c-axis, for a hexagonal 
crystal structure was calculated using the eq. (3). The calculated results are listed in Table 3. 
 
Table 3. The XRD (002) peak position, lattice constants, grain size and stress calculated from XRD patterns at Mn 5 wt.% and room temperature. 
O2Pres. 
(Pa) 
(002) 
Pos.(o) 
a 
(c) 
c 
(c) 
Grain size 
(nm) 
Stress 
(109 Pa) 
2.67 34.46 3.185 5.201 33.269 0.238 
4.47 34.45 3.186 5.202 21.326 0.192 
6.13 34.43 3.188 5.206 24.656 0.029 
9.33 34.51 3.181 5.194 36.157 0.578 
13.33 34.53 3.179 5.191 27.730 0.715 
26.67 34.50 3.181 5.195 25.207 0.520 
 
4. Conclusion 
We have investigated the Mn-doped ZnO thin films produced by laser ablation from ZnMnO targets with 
different Mn concentration varying synthesis conditions and analyzed by X-ray diffraction. The structural properties 
have a strong dependence on Mn-doping concentration, Oxygen gas pressure and substrate temperature. All 
prepared films present a typical hexagonal wurtzite ZnO structure, no extra peaks owing to any other impurity were 
present, independent of the deposition parameters, and in general show a preferentially c-axis orientation.  
It is seen that the crystallinity of the films are varying with processing conditions (Mn concentration, substrate 
temperature and oxygen gas pressure). For Mn concentration and substrate temperature, average crystallite size was 
about 24 nm, whereas for oxygen pressure it was 28 nm. The stress of thin films increases with an increase in the 
processing conditions, being a tensile stress for all thin films. In conclusion, the best results have been obtained at 
relatively low Mn concentration (1 wt.%), an intermediate substrate temperature (300–400 °C) and also relatively 
low oxygen gas pressure (4.67 Pa).     
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